in 2002 by El-Sayed et al. [4] , we report here the identification of the flavonol O-glycosides isolated from the leaves of S. albiflorum Gray (one of the four species in the tap-rooted, scapiform section Composita), a perennial plant endemic to shallow, calcareous soils in central and north-central Texas, which has unique (for Silphium) white flowers and long cyselae awns [2, 3, 5, 6, 7] . Molecular data suggest that this species is derived from the morphologically similar S. lacinatum, which belongs to the same section Composita [3] . To our knowledge this is the first report on the phytochemistry of S. albifloru. The dried leaves of S. albiflorum were successively extracted with a mixture of CH 2 Cl 2 -MeOH, MeOH, and MeOH-H 2 O by cold percolation at room temperature. A combined solution of the methanolic and hydromethanolic extracts was subjected to initial fractionation on a polyamide column, followed by repeated CC on Sephadex LH-20 as well as LiChroprep ® RP-18, to yield two novel flavonol triglycosides: isorhamnetin
3-O-α-L-rhamnosyl (1´˝→6˝)-O-β-D-galactopyranoside 7-O-β-D-apiofuranoside (1), and quercetin 3-O-α-L-rhamnosyl (1´˝→6˝)-O-β-D-galactopyranoside
7-O-β-D-apiofuranoside (2), together with six well known flavonol glycosides: isorhamnetin 3-O-robinobioside (3) [8] , trifolin (4) [9] , astragalin (5) [10] , cacticin (6) [11] , isorhamnetin 3-O-β-D-glucopyranoside (7) [11] , and hyperoside (8) [12] . Identification of all compounds was achieved by standard procedures [12,-15] , including acid hydrolysis and spectral analysis (1D and 2D NMR, MS, UV), and in some cases by LC-MS and LC-MS n with post-column manganese complexation [16] .
R= CH 3 2. R = H
Compound 1 was obtained as a yellow amorphous powder and on TLC plates under UV light it appeared as a dull brown spot, changing to yellow with Naturstoffreagenz A, indicating the presence of free 5-and 4´-hydroxyl groups and the absence of an orthodihydroxyl pattern in the B-ring; this was confirmed by the lack of UV shifts on addition of diagnostic reagents [12, 13] . The NMR pattern of 1 together with UV spectroscopic data and the observation of the fragment ions in mass spectra, proved 1 to be a 3,7-di-Osubstituted isorhamnetin triglycoside [12, 13, 15] . Acid hydrolysis of 1 released galactose, rhamnose, apiose and isorhamnetin, which were identified by TLC. Since isorhamnetin 3-O-rhamnosyl (1´˝ → 6˝) galactoside (3) was already identified from this species, it was considered likely that 1 might be the 7-O-apiose derivative of 3, which was confirmed by additional MS and NMR analyses. The MS experiments suggested a molecular formula for 1 of C 33 Hz), which were correlated in the HMQC spectrum to the carbons at δ 94.5 (C-8) and 99.3 (C-6), respectively, thus indicating a 5,7-disubstituted pattern in the A ring. The downfield shifts observed for the signals of H-6 and H-8 suggested the presence of a substituent at the 7-hydoxyl, which was also confirmed by an upfield shift in the C-7 signal and downfield shifts in the orthoand para-related carbon signals (C-6 and C-10), observed in the 13 C NMR spectrum [10, 14, 17] , all in accord with one of the sugar moieties being attached to that hydroxyl group. Additional aglycone proton signals appeared at δ 8.01(s), 7.58 (dd, J = 8.4, 2.0 Hz) and 6.92 (d, J = 8.6 Hz) and were correlated to the carbons at δ 113.4 (C-2'), 122.3 (C-6') and 115.2 (C-5'), respectively. Finally, a singlet signal of three protons at δ 3.86, which showed cross peaks with C-3' (HMBC) and C-2' (COSY), indicated the presence of a 3',4'-disubstituted B-ring with one methoxyl group at C-3'; proving isorhamnetin to be the aglycone of 1.
1 H and 13 C NMR experiments confirmed the presence of three sugar moieties attached to the 3 and 7 positions of the aglycone. The sites of glycosylation were deduced from the UV as well as 1D and 2D NMR spectra, whereas HOHAHA was used to detect the spectra of the individual sugars from the spectrum of the flavonoid polyglycoside; thus the complete assignment of all sugar 1 , and from HMQC were assigned to C-2˝˝, C-4a˝˝, C-4b˝˝, C-5a˝˝ and C-5b˝˝, respectively. A DEPT experiment showed that two of those carbons were methines (C-1˝˝ and C-2˝˝), one was quaternary (C-3˝˝) and two were methylenes (C-4˝˝ and C-5˝˝). Moreover, a correlation between the H-1˝˝ (δ 5.64) and H-8 (δ 6.74) and H-6 (δ 6.39), observed in the ROESY experiment, as well as the cross peaks between the H-8 (δ 6.74) and H-6 (δ 6.39) of the aglycone and C-1˝˝ (δ 107.2), recorded in the HMBC spectrum, proved that the sugar was attached to C-7. All 1 H and 13 C chemical shift values and coupling constants for that sugar moiety proved it was apiose. The 3 J 1˝˝,2˝˝ of 3.7 Hz indicated the more stable β-D configuration of the apiofuranoside ring [18] [19] [20] [21] [22] . The second anomeric proton (H-1˝) at δ 5.46, appeared as a doublet with diaxial coupling constant (J = 7.7 Hz) [12, 15] . Its location in the 1 H NMR spectrum was in accord with the data reported for 3-O-galactoside [15] . The presence of galactose was also confirmed by 13 C NMR and DEPT experiments. The long range 13 C -1 H correlation between H-1˝ and C-3, as well as weak ROESY connectivity between H-1˝ and C-2´, indicated that galactose was attached to the hydroxyl group at C-3. J 1,2 value and ROESY connectivities from H-1˝ to H-3˝ and H-5˝ provided evidence for the β-configuration of the galactose moiety. The chemical shift values of all the recorded galactose carbons. as well as the H-1˝/H-2˝ coupling constant (J = 7.7 Hz) confirmed the pyranose form of galactose [15, 23] . A downfield shift for C-6˝of 5 ppm and a highfield shift of 2.2 ppm for the neighboring C-5˝, compared to the corresponding signals for 8, indicated the site of the attachment of the next sugar, which was identified as rhamnose [24] . The H-1´˝ anomeric proton of rhamnose resonated at δ 4.41, the region characteristic of terminal sugars. Additional evidence that rhamnose is the terminal sugar was provided by the LCMS 2 spectrum, in which the first independent loss (-146 u) was recorded. A cross peak between rhamnose H-1´˝ and galactose C-6˝, observed in the HMBC spectrum, unambiguously confirmed the linkage point between the two sugar, 
moieties. Moreover, the location of H-1˝ and H-1´˝, as well as of a three proton doublet for the rhamnosyl methyl group, which appeared at δ 1.05 (J = 6.2 Hz), coincided with literature data for the rhamnosyl (1→6) galactoside [12, 15] . All sugar carbon signals were also in full agreement with the attachment of the rhamnosyl moiety to the 3-O-galactosyl through a (1→6) linkage [25] . Analysis of HR-FAMS, 1 H NMR, 13 The second new compound (2) was identified by a similar combination of spectral experiments and the results from acid hydrolysis. It differed from glycoside 1 only in the aglycone, namely, quercetin instead of isorhamnetin. Thus, unlike 1, on the TLC plates under UV light, it changed to orange with Naturstoffreagenz A, indicating the presence of an ortho-dihydroxyl pattern in the B-ring. Also the UV spectrum of 2 in methanol. and shifts observed on addition of the diagnostic reagent [12] , showed the presence of free hydroxyl groups at 5, 3´ and 4´ positions, together with the substituted 3 and 7-hydroxyls, thus proving 2 to be a 3,7-di-O-substituted quercetin glycoside [12, 13, 15 ], a conclusion confirmed by acid hydrolysis of 2, which released quercetin, together with three sugar moieties: galactose, rhamnose and apiose. Those LC-MS analysis of a mixture of 4-7 revealed the presence of two compounds with molecular weight 448 and two with molecular weight 478. In negative ion mode, collision-induced dissociation (CID) resulted in the loss of one hexose moiety (-162 u) from each compound. Compounds 4 and 5 were determined to be kaempferol derivatives, whereas 6 and 7 were identified as isorhamnetin derivatives by comparing the fragmentation patterns of the aglycone portions with commercial standards. In order to determine the locations and identities of the hexose moieties, LC-MS n with post-column manganese complexation was used according to recently described methods [16] .
The four compounds formed complexes of the form [Mn(II) (M -H) (M)]
+ , where M is the unknown flavonoid glycoside. Performing CID on these complexes yielded a single fragment ion corresponding to the loss of one hexose moiety (Figure 2A) , indicating 3-O-glycosylation [16, 26] . Further dissociation of these initial fragment ions allowed the hexose moieties to be identified. These spectra ( Figure 2B) show that losses of the second hexose moiety and an aglycone portion were observed for all four Mn complexes. However, an additional fragment ion corresponding to the loss of an aglycone portion plus an additional 102 mass units is observed only for 4 and 6. This loss is known to be a diagnostic fragment only for flavonoid galactosides [16] . Thus, the compounds in the studied mixtures were identified as: kaempferol-3-O-galactoside (4), kaempferol-3-O-glucoside (5), isorhamnetin-3-Ogalactoside (6) and isorhamnetin-3-O-glucoside (7). The identities of 5 and 7 were confirmed by retention time comparison with commercial standards. No standards were available for 4 and 6, but their identifications were supported by the observation that flavonoid galactosides generally elute slightly earlier than flavonoid glucosides using reversed-phase HPLC [27] [28] [29] . The spectra of 4 and 6 are presented for the first time. Two other known compounds isolated from the S. albiflorum leaves were identified as isorhamnetin 3-O-robinobioside (3) and hyperoside (8) (1), (2), (3), (4) 
Extraction and isolation:
The dried leaves (1 kg) were extracted at room temperature, sequentially 2 times with CH 2 Cl 2 -MeOH (1:1), MeOH and MeOH-H 2 O (1:1). Methanolic and hydromethanolic extracts were combined and evaporated to give a syrupy residue, which was suspended in H 2 O and filtered. The aqueous filtrate was concentrated and purified on a polyamide column (A) eluted with H 2 O, followed by H 2 O-MeOH solvent systems with increasing amounts of MeOH. A total of 220 fractions (each 250 mL) was collected and combined according to their CN (10:90) . The column was equilibrated at 5% B and run using a gradient of 5% B (0 min), increasing to 95% B in 56 min; a column clean-up stage was performed at 5% B (3 min). The effluent from the HPLC column, monitored by a UV detector at 254 nm, was directed on-line into the orthogonal Esquire-LC electrospray source. The ion spray experiment was performed in positive mode at + 4000 V; endplate offset was -500 V; ions were scanned from 50 to 1500 m/z; the nebulizer gas was set to 23.0 psi, the dry gas to 7.00 L/min; the drying temperature at the capillary entrance was 150 °C; capillary exit was set to 76.1 V; skimmer 1 at 26.1 V, trap drive to 58; an average of 3 spectra were acquired over a time period of 100 ms; the collision gas was helium; the MS/MS experiment was performed in the auto mode.
Acid hydrolysis of 1, 2, 3 and 8: A solution of each compound in 1% aq. HCl was heated for 90 min. The reaction mixture was extracted with Et 2 O (to obtain the aglycone), whereas the remaining aqueous layer was neutralized prior to the determination of the released sugar moieties. The Et 2 O and aqueous fractions were concentrated until dryness for identification (TLC, systems 4 and 5). 
